A gram-negative, rod shaped bacterium designated as strain H2
The genus Chitinimonas was first isolated from a shrimpfarming pond and proposed as a distinct genus within the family Burkholderiaceae with a unique ability to degrade chitin [1] . Currently, only four species have been recognized within the genus Chitinimonas: Chitinimonas taiwanensis [1] , Chitinimonas koreensis [2] , Chitinimonas viridis [3] , and Chitinimonas prasina [4] . Chitinimonas koreensis was isolated from greenhouse soil and all the other species were isolated from a fresh water environment.
A bacterium designated as strain H2
T was isolated from an artificial pond in Korea. Surface water of the pond was serially diluted into 9 ml of distilled water and cultivated on Reasoner's 2A agar (R2A; MBcell) at 30 C for 48 h. Colonies obtained were purified on R2A individually and an irregular shaped opaque-white colony of strain H2
T was obtained. Strain H2
T was routinely maintained on R2A and stored at À80 C in R2A broth supplemented with 35 % (v/v) glycerol.
The near full-length 16S rRNA gene sequence (ca. 1500 bp) was amplified via PCR using bacterial universal primers 27F and 1492R [5] . The PCR product was purified using a QIAquick PCR purification kit (QIAGEN) and was subjected to sequence analysis using an automatic sequencer (ABI 3730XL analyzer, Applied Biosystems) performed by Macrogen Inc. (Seoul, Korea). The taxonomic position of strain H2
T (GenBank accession no. KX886358) was preliminarily analyzed using the Bayesian classifier of the Ribosomal Database Project (RDP) (http://rdp.cme.msu.edu), showing that strain H2 T belongs to the genus Chitinimonas in the family Burkholderiaceae with a confidence score of 99 %. The 16S rRNA gene sequences of four Chitinimonas species already published and 20 type strains belonging to six genera in the Burkholderiaceae family were collected from the GenBank database of the National Centre for Biotechnology Information (NCBI) (http://ncbi.nlm.nih.gov). Sequences were aligned using CLUSTALW [6] and subjected to phylogenetic tree reconstruction using the neighbour joining (NJ) algorithm as well as the maximum likelihood (ML) algorithm implemented in the MEGA program (ver. 6.06) [7] . Tree topology was then evaluated using the bootstrap method (500 repetitions). The evolutionary distances (ED JC ) among the 16S rRNA gene sequences were calculated using the Jukes Cantor substitution model [8] , and the 16S rRNA gene similarity (S 16S ) was calculated as (1 À ED JC )Â100 %.
The closest relative to strain H2 T was C. prasina LY03 T (S 16S =94.4 %) and the sequence similarities between remaining three Chitinimonas strains were less than 95 % (C. viridis DMD2169 T , 94.3 %; C. koreensis R2A43-10 T , 93.5 %; C. taiwanensis cf T , 93.2 %). In the phylogenetic tree reconstructed using NJ algorithm, all Chitinimonas species including strain H2 T formed a tight monophyletic cluster with a bootstrap score of 96 (Fig. 1) . This phylogenetic inference was also verified from ML based phylogenetic tree (Fig. S1 , available with the online Supplementary Material). Phylogenetic inference and 16S rRNA gene similarity (below 97 %) between strain H2
T and its closest relative indicated that strain H2
T should be assigned as a representative of a novel species in the genus Chitinimonas.
Growth on different media was tested using Tryptic Soy agar (TSA, Bacto), MacConkey agar (BBL), Nutrient agar (NA, Difco), and Blood agar (Hanil Komed). Anaerobic growth was also tested on R2A agar at 30 C by incubating within an anaerobic chamber (Coy Laboratory Products) for 72 h. The temperature range for the growth of strain H2 5 unit interval) was tested using spectrophotometry. Cell morphology was observed by light microscopy (Zeiss Axioskop) and Gram staining was performed using a Gram staining kit (Sigma-Aldrich) according to the manufacturer's instructions. The motility of strain H2
T was investigated with a motility agar method [9] , and the production of flexirubin type pigment was determined by suspending cells in 20 % KOH [10] . Chitinolytic activity was tested using chitin basal (CB) medium (l À1 ) containing 0.5 % (w/v) colloid chitin, 0.1 g MgSO 4 . 7H 2 O, 0.2 g K 2 HPO 4 , 0.5 g CaCl 2 . 7H 2 O, and 0.1 ml trace element solution [1] . Hydrolysis of Tween 20, Tween 80 (1.0 %, v/v), CM-cellulose (0.1 %, w/v), and casein (10 %, w/v) was tested according to the method described in a previous study [11] . Carbon substrate utilization and enzymatic activity were investigated using API 20NE, API 50CH, and API ZYM strips (bio-M erieux) according to the manufacturer's instructions.
Isoprenoid quinones and DNA G+C content of the strain H2
T were analyzed using high performance liquid chromatography (HPLC-YL9100; Young-lin) as described by Collins [12] and Mesbah et al. [13] , respectively. Identification of strain H2
T cellular fatty acids was performed based on the standard protocol of the Microbial Identification System (MIDI; Microbial ID) [14] . Polar lipids were extracted 
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as described in a previous study [15] and were separated via two-dimensional thin layer chromatography (TLC) (HPTLC plate, 10Â10 cm; Merck) using chloroform:methanol:water [65 : 25 : 3.8 (v/v)] for the first dimension and chloroform:methanol:acetic acid:water [40 : 7.5 : 6 : 1.8 (v/v)] for the second dimension [16] . To develop the spot, plates were sprayed with molybdophosphoric acid (5 %, v/v) (Merck), ninhydrin (0.2 %, v/v) (Merck), molybdenum blue reagent (Sigma), and a-naphthol and Dragendorff reagent (Merck) for the detection of total lipids, aminolipids, phospholipids, and glycolipids, respectively.
Strain H2
T formed irregular and opaque-white colored colonies on R2A medium. Like other Chitinimonas species, strain H2 T showed growth on R2A but not on MacConkey agar. However, in contrast to the known Chitinimonas strains, strain H2
T grew on NA but not on Blood agar and TSA. Strain H2
T grew well under anaerobic as well as aerobic conditions. Optimum growth temperature, pH, and NaCl concentration were revealed as 30 C, pH 7.0, and 0.0 % (w/v) NaCl, respectively. Further analyses to determine chemotaxonomic characteristics of strains were carried out with cells grown on R2A medium at 30
C for 48 h. To determine the taxonomic position of strain H2 T at the species-level, C. taiwanensis cf T (=KACC 11408), C. koreensis R2A43-10 T (=KACC 11467), and C. viridis HMD2169 T (=KACC 18091) were obtained from the Korean Agricultural Culture Collection (KACC) and analyzed in this study. Cells of strain H2 T were gram-negative rods with no motility and no production of flexirubin-type pigment ( Table 1) .
The major isoprenoid quinone of strain H2
T was ubiquinone-8, which was reported as the major quinone component in Chitinimonas strains. Predominant fatty acid patterns (>10 %) among the test strains were C 16 : 0 and summed feature 3 (C 16 : 1 !6c/ C16 : 1 !7c) ( Table 2) . Strain H2 T also possessed a small proportion of C 16 : 0 iso, and summed feature 2 (C 12 : 0 aldehyde?/unknown 10.928), which were not observed in the other reference strains ( Table 2 ). The major polar lipids of strain H2
T consisted of phosphatidylethanolamine (PE), phosphatidylglycerol (PG), four unidentified aminolipids (AL 1-4), two unidentified phospholipids (PL 1-2), and an unidentified lipid (Fig. S2) . The G+C content of strain H2 T was 60.2 mol%, which was similar to other reference strains (ranging from 59.8 mol% for C. viridis HMD2169 T to 65.0 mol% for C. koreensis R2A43-10 T ).
T and all other reference Chitinimonas strains showed chitinolytic activity (Table 1) . Strain H2 T grew on basal medium supplied with Tween 20 and Tween 80, but did not form a clear zone on cellulose agar or on NA with casein. All Chitinimonas strains showed their own enzymatic characteristics, which can be used to distinguish one strain from another (Table 1) . Strain H2 T was positive for cystine arylamidase production, which was not observed in the other reference strains. All four reference strains were positive for a-chymotrypsin, but strain H2 T was not. Strain H2
T hydrolyzed five different carbon sources including D-glucose, maltose, starch, glycogen, and 5 keto-gluconate included on the API 50CH strip. Similarly, C. koreensis R2A43019 T also showed positive growth for five carbon sources including glycerol, and b-gentibiose, which differentiated it from strain H2 T . C. taiwanensis cf T and C. viridis HMD2169 T were revealed to hydrolyze more diverse carbon sources than strain H2
T . In addition, strain H2 T was the only strain that was negative for aesculin hydrolysis for which all other reference strains were positive. DNA-DNA relatedness between H2
T and Chitinimonas reference strains was 43.72 % (C. taiwanensis cf T ), 32.02 % (C. koreensis R2A43019 T ), and 39.87 % (C. viridis HMD2169 T ), indicating that strain H2
T was a distinct genomic species according to the 70 % DDH standard [17] . Detailed experimental procedures of DNA-DNA hybridization analysis are described in Supplementary materials.
On the basis of phenotypic, chemotypic, and genotypic data presented in this study, we suggest that strain H2
T should be classified as a novel species in the genus Chitinimonas, for which the name Chitinimonas lacunae sp. nov. is proposed.
DESCRIPTION OF CHITINIMONAS LACUNAE SP. NOV.
Chitinimonas lacunae (la.cu¢nae. L. fem. gen. n. lacunae of a pond; referring to the isolation of the type strain). Cells are gram-negative, non-motile, and rod-shaped (0.3 to 0.4 µm in diameter and 1.1 to 1.4 µm in length). Growth of strain H2 T was observed under aerobic and anaerobic conditions. Colonies on R2A medium were opaque-white colored and irregular-raised in shape (2.1-5. T from related species of the genus Chitinimonas Strain: 1, H2 T ; 2. C. taiwanensis cf T ; 3, C. koreensis R2A43-10 T ; 4, C. viridis HMD2169 T ; 5, C. prasina LY03 T [4] . All tests were performed on the C. taiwanensis cf T , C. koreensis R2A43-10 T , and C. viridis HMD2169 T reference strains in this study except for G+C mol%. Data for C. prasina LY03 was obtained from the literature [4] . All Chitinimonas strains were Gram-negative and positive for chitinolytic activity, hydrolysis of Tween 20, Tween 80, glycogen, and esterase (C4), esterase lipase (C8), leucine arylamidase, and naphtol-AS-BI-phosphohydrolase activity. All strains were negative for the production of indole and flexirubin-type pigment, glucose acidification, utilization of N acetyl-glucosamine and gluconate, activity of arginine dihydrolase, urease, a-, b-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase, and a-fucosidase. Except data that were not available from the literature on C. prasina LY03 T , strain H2 T and reference strains were negative for the utilization of erythritol, D-arabinose, ribose, D-xylose, L-xylose, adonitol, a-methyl-xyloside, galactose, L-sorbose, dulcitol, a-methyl-D-mannose, methyl a-D-glucoside, lactose, inulin, melezitose, D-raffinose, xylitol, D-turanose, D-lyxose, D-tagatose, D-fucose, L-fucose, L-arabitol, and 2-keto-gluconate. All Chitinimonas strains were resistant to ampicillin but sensitive to erythromycin, streptomycin, and vancomycin. +, positive; À, negative; S, sensitive; R, resistant; W, weak; NA, not available. 
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